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Abstract—Crowdsourcing is an emerging business model where 
tasks are accomplished by the general public; the crowd. 
Crowdsourcing has been used in a variety of disciplines, 
including information systems development, marketing and 
operationalization. It has been shown to be a successful model in 
recommendation systems, multimedia design and evaluation, 
database design, and search engine evaluation. Despite the 
increasing academic and industrial interest in crowdsourcing, 
there is still a high degree of diversity in the interpretation and 
the application of the concept. This paper analyses the literature 
and deduces a taxonomy of crowdsourcing. The taxonomy is 
meant to represent the different configurations of crowdsourcing 
in its main four pillars: the crowdsourcer, the crowd, the 
crowdsourced task and the crowdsourcing platform. Our 
outcome will help researchers and developers as a reference 
model to concretely and precisely state their particular 
interpretation and configuration of crowdsourcing. 
Keywords—crowdsourcing; crowdsourcing taxonomy; 
crowdsourcing configuration 
I. INTRODUCTION 
Crowdsourcing is a new business model, which enables 
business owners to rely on the power of crowd to get jobs 
done. The participants could work independently or 
collaboratively to accomplish the task and they could be given 
incentives, tangible or intangible as a reward. Crowdsourcing 
is an alternative to outsourcing [1, 2, 3], which typically 
requires contracting expert suppliers and service providers [4, 
5, 6]. Crowdsourcing is deemed particularly useful for tasks 
requiring a large number of viewpoints and problem solvers 
[7, 8, 9] and, at the same time, easy to perceive by the general 
public [10, 11, 12].  
Though it can still be done in person [13, 14, 15], through 
meetings with the public and using audience response systems 
such as Turning Point, crowdsourcing usually takes place 
online. This is within the remit of the concept where tasks are 
often required to be completed quickly with little prior 
arrangement with participants. Online crowdsourcing also 
allows access to a larger and more diverse audience. That is to 
say, an online crowdsourcing platform is an information 
system which is not traditional, in the sense that it facilitates 
the work and acts as intermediate between stakeholders (the 
crowd and the crowdsourcer) who could be unknown to each 
other and are not adhering to the same organizational rules and 
roles for accomplishing tasks which are also not known a 
priori [16, 17, 18]. This makes the development of such 
platforms challenging. Examples of commercial platforms for 
crowdsourcing include Amazon Mechanical Turk [19, 20], 
and Threadless [21, 22]. 
Crowdsourcing has been used in multiple domains in order 
to harness the power and wisdom of the crowd. Perhaps the 
most well-known example is Wikipedia. It has been also used 
in business and marketing [23, 24], medicine [25, 26], 
sociology [27, 28], and environmental sciences [29, 30]. 
Recently, crowdsourcing has been advocated for the domain 
of information systems analysis and design through the 
involvement of users in evaluating the software and 
contributing to update its models and also to evolve and 
maintain the software [31, 32, 33, 34]. Indeed, a pressing 
future research challenge is to decide how best to develop not 
only crowdsourcing platforms but also how best to utilize 
crowdsourcing, and its potential benefits, in the information 
systems development  
Despite the variety of domains in which crowdsourcing has 
been proposed and the platforms that accommodate it, we still 
lack a shared understanding of the concept. A great deal of 
emphasis has been placed on the application of the concept for 
solving certain problems but, while doing that, there has been 
little attention to the ontological and conceptual foundations 
on how to engineer the entire process. The lack of consensus 
on the meaning and semantic of crowdsourcing has been 
recognized in [35]. The authors review the literature to 
provide a definition mainly in an accumulative way, which 
provides a definition that accommodates the main views of 
crowdsourcing.  
Coming up with a common definition of crowdsourcing 
might be an unfeasible solution to bring together the variety of 
interpretations of crowdsourcing. There is a clear divergence 
in the literature on what should be considered core and 
optional and sometimes whether to consider it at all. For 
example, while the competence of the crowd in performing a 
crowdsourced task is considered core in [23, 36], it is not the 
case in [2, 37]. Another example relates to diversity, which is 
mentioned in [38, 39] but not mentioned in [40, 41]. This 
motivated us to think of a taxonomy of crowdsourcing which 
accommodates the diversity and commonality of the 
interpretation and perception of crowdsourcing in a variety of 
disciplines including computer science, sociology, and 
business. 
In this paper, we review the literature on crowdsourcing 
and deduce a taxonomy for the concept in its four pillars: the 
crowd, the crowdsourcer, the task and the crowdsourcing 
platform. The taxonomy accommodates the diversity of views 
instead of trying to reach a consensus. We also elaborate on 
the meaning of the features and challenges they introduce 
when we engineer crowdsourcing platforms. This taxonomy 
will help as a reference model for developers and researchers 
to precisely define their specific interpretation of 
crowdsourcing, thus making its semantic clearer in the context 
of their work.  
The paper is structured as follows. In Section 2, we discuss 
the importance of and need for a reference model for 
crowdsourcing, which is the essence of this study. In Section 
3, we present our research method and the steps we took in 
order to construct a taxonomy model for crowdsourcing. In 
Section 4, we discuss the main four pillars of crowdsourcing 
and also present the constituents of these main pillars. In 
Section 5, we explore some cross-cutting dependencies among 
some of the building blocks of crowdsourcing pillars. Section 
6 explains the research challenges in this field. We conclude 
the paper and present our future work in Section 7. 
II. CROWDSOURCING: TAXONOMY NEEDED  
A taxonomy is deemed critical because it brings order to a 
body of information or a collection of objects under study. A 
taxonomy very often enhances one's ability to understand 
complex concepts and ideas. 
The function of a taxonomy is to classify or categorize a 
body of knowledge or collection of objects in a hierarchical 
manner. Each layer of the hierarchy “inherits” or possesses all 
attributes of the one immediately above - whatever those 
attributes might be. When one views a hierarchy from top to 
bottom, the matter becomes more particular and more specific 
the lower one goes in the hierarchy. Our taxonomy of 
crowdsourcing will serve as a reference model for future 
researchers and practitioners in this field of study. 
The various definitions for crowdsourcing in the literature, 
plus the absence of a taxonomy for crowdsourcing, has led to 
some confusion both in the concept of crowdsourcing and in 
its usage. The definitions for crowdsourcing vary from one-
line definitions [3, 42] to multi-sentence definitions [35, 43], 
with each definition listing a selection of features that may or 
may not be present in others. For example, we take three 
definitions of crowdsourcing from three different papers just 
to show how these definitions can vary, be partial to 
crowdsourcing, and sometimes even contradicting each other. 
In our first definition, Erickson [44] defines crowdsourcing 
in the following way: 
“By ‘crowdsourcing’ I mean: Tapping the perceptual, 
cognitive or enactive abilities of many people to achieve a 
well-defined result such as solving a problem, classifying a 
data set, or producing a decision.” 
In this definition, the crowd involved in crowdsourcing 
should have some perceptual, cognitive or enactive abilities, 
and it should consist of many people.  
In our second definition, Li et al. [45] have used the 
following definition for crowdsourcing: 
“Crowdsourcing has recently emerged as a powerful 
alternative. It outsources tasks to a distributed group of people 
(usually called workers) who might be inexperienced on these 
tasks.” 
In this definition the crowd is considered to be a 
distributed group of people. Furthermore, the crowd might be 
inexperienced in the task. These two definitions have almost 
nothing in common. Furthermore, they contradict each other 
when one paper sees competence (i.e. abilities) an essential 
feature of the crowd, while the other one observes it as an 
optional feature of the crowd. While both definitions can be 
true and worthwhile for the context they are applied in, 
researchers in the field of crowdsourcing may wonder which 
definition of crowdsourcing may best suit their purpose. 
In our third definition, Faradani et al. [15] defined 
crowdsourcing in the following way: 
“A crowdsourcing market is the place, usually an online 
website, where workers find and perform tasks often for a 
financial reward.” 
This last definition introduces two new features of 
crowdsourcing. In this definition, crowdsourcing is an online 
activity, and the crowd is often rewarded financially for 
performing such an activity. These features were not present 
in the first two definitions, while none of the features 
mentioned in the first two definitions are present in the third 
definition. Such heterogeneity in defining crowdsourcing was 
our first motivation in conducting this study. 
Our second motivation was the usefulness of introducing 
taxonomy in a field of study. Many studies in different 
domains have used taxonomies in order to clarify and classify 
a concept under study. In computer sciences, for example, a 
taxonomy of reverse engineering was presented in [46], a 
taxonomy of autonomous agents was studied in [47], and a 
taxonomy of web search was introduced in [48]. The 
generality of utilizing the notion of taxonomy to clarify and 
classify different concepts also motivated us to conduct this 
study for a taxonomy of crowdsourcing. 
III. RESEARCH METHOD 
In order to construct the four pillars or crowdsourcing, we 
collected papers from various domains of study in which the 
crowdsourcing was utilized, since crowdsourcing is a 
multidisciplinary concept. We found crowdsourcing to be 
utilized in many fields of study, including, but not limited to 
computer science, business and management, medicine, 
environmental sciences and sociology. Studying and analysing 
these papers, we identified that crowdsourcing is comprised of 
four parts. These four parts, or four pillars, constitute the 
entire crowdsourcing operation and are as follows: 
• The crowd: the crowd consists of the people who take 
part in a crowdsourcing activity. 
• The crowdsourcer: the crowdsourcer is the entity (a 
person, a for-profit organization, a non-profit 
organization, etc.) who seeks the power and wisdom 
of the crowd for a task at hand. 
• The crowdsourcing task: the crowdsourcing task 
(simply called the task hereinafter) is the activity in 
which the crowd participates. 
• The crowdsourcing platform: the crowdsourcing 
platform is the system (software or non-software) 
within which a crowdsourcing task is performed. 
To fully understand the concept of crowdsourcing, we also 
performed a systematic mapping study and selected 113 
papers. Our selection criteria allowed papers in which 
crowdsourcing was explicitly defined. These definitions 
helped us in feature extraction and subsection recognition. For 
more details about the selection process and the content 
analysis of the definitions please refer to 
http://goo.gl/gsV5XB.  
After collecting and evaluating these papers, and 
identifying the four parts of crowdsourcing, we investigated 
these papers again in order to obtain more information on 
these four pillars. In particular, we looked at different 
definitions that these papers had suggested for crowdsourcing 
and tried to identify the features and subsections of these four 
crowdsourcing parts. We identified these features and 
subsections by performing a content analysis on the 
definitions. In our context analysis, it was necessary to be able 
to identify different words and phrases used in different 
definitions that pointed toward the same concept. For 
example, expressions like “disseminated competencies”, 
“varying knowledge”, “varying levels of expertise” and 
“different talents” were all translated into a feature called 
“expertise diversity.” 
Feature extraction and subsection abstraction were 
completed using a multi-stage method, i.e., we reviewed the 
definitions from the first to the last several times to ensure that 
no features and subsections are left unnoticed, and a second 
reviewer also confirmed the list of extracted features and 
subsections by going through the papers and definitions and 
approving the list of extracted features and subsections. When 
in doubt, the two reviewers discussed whether a particular 
feature or subsection should be extracted from a particular 
definition or not, and if they did not reach an agreement, a 
third reviewer was called to settle the dispute.  
The next step in our research was to categorize and classify 
these features into well-known and well-accepted 
classifications. While sometimes it was possible to find these 
classifications in the literature, other times we had to create 
these classifications ourselves. To perform the latter, we got 
help from a second and third reviewer, and once more we 
went through a multi-stage revision process to ensure the 
quality of our classification. 
IV. THE FOUR PILLARS OF CROWDSOURCING 
As we mentioned earlier in this paper, we identified four 
main pillars of every crowdsourcing activity that were present 
in the current literature, plus we also identified the building 
blocks for these four pillars. In this section, we will analyse 
each pillar. 
A. Pillar One: The Crowd 
After reviewing the current literature on crowdsourcing, 
we recognized that the crowd of people who participate in a 
crowdsourcing activity have five distinct features. These 
features, and their definitions, are as follows: 
• Diversity: diversity is the state or quality of being 
different or varied. In crowdsourcing, diversity 
means the recruitment of different people within the 
crowd to accomplish a task. Such diversity can be 
divided into four subcategories. Spatial diversity 
means recruiting the crowd with different 
backgrounds and from different locations. Gender 
diversity means recruiting the crowd without 
selection according to one’s gender. Age diversity 
means recruiting the crowd without considering their 
age. Expertise diversity means recruiting the crowd 
of varied experience, expertise and competence. 
• Unknown-ness: unknown-ness (or anonymity) is the 
condition or fact of being anonymous. In 
crowdsourcing, unknown-ness has one or two of 
these meanings. The first one is when the crowd 
participating in a task does not know the 
crowdsourcer. The second one is when the crowd 
participating in a task does not know other members 
of the crowd. 
• Largeness: largeness means consisting of big 
numbers. Largeness also means being 
comprehensive. In crowdsourcing, largeness occurs 
when the crowd participating in a crowdsourcing 
activity is enough to fulfil and achieve the task. 
However, under certain circumstances, this largeness 
should not be so abundant to avoid overload, 
confusion, and unnecessary difficulty in management 
of the crowd. 
• Undefined-ness: undefined-ness means not being 
determined and not having borders set. It means 
randomness. In crowdsourcing, crowd undefined-
ness occurs when the crowd is chosen without 
imposed selection procedures to select a group of 
people, e.g., people with certain locations, certain 
abilities, and certain workplaces. 
• Suitability: suitability means suiting a given purpose, 
occasion, condition, etc. In crowdsourcing, crowd 
suitability means the fit of the crowd for performing a 
crowdsourcing activity. Such fit could arise when the 
crowd has certain abilities to perform the task, when 
the crowd has the ability to collaborate with other 
members of the crowd, when the crowd volunteers to 
perform the crowdsourcing activity, and/or when the 
crowd is motivated in accomplishing a 
crowdsourcing task. Motivation can be intrinsic or 
extrinsic. Intrinsic motivations are a feature within 
the crowd, while extrinsic motivations come from the 
crowdsourcer, in the form of financial incentives or 
other forms of incentivizations. Intrinsic motivations 
are typically the stronger of the two, and can be in the 
form of mental satisfaction gained from performing a 
crowdsourcing activity (e.g., the joy of designing a T-
shirt cover in Threadless), self-esteem (e.g., knowing 
the fact that one can design an algorithm for a given 
problem), personal skill development (e.g., 
developing personal photography skills through 
competitions held in iStockPhoto), knowledge 
sharing through crowdsourcing (e.g., Wikipedia), and 
love of the community in which a crowdsourcing task 
is being performed (e.g., open-source communities).   
Table 1 summarises the features of the crowd, and lists 
some of the papers from which these features were extracted. 
In this table and all following tables, we have tried to identify 
at most four references for every feature and sub-feature of 
crowdsourcing activity. However, some of these features and 
sub-features had fewer citing references. For example, we 
could find self-esteem as a feature of the crowd only in [35]. 
Furthermore, few of these features and sub-features could not 
be found explicitly in crowdsourcing definitions in the 
literature, which means the author(s) did not think of these 
features as a building block of crowdsourcing. We have 
illustrated these features and sub-features in the table by N/A. 
These features are sometimes counterparts of other features 
which were explicitly mentioned and hence we deduced them. 
Moreover, some features are meant for classification only, i.e. 
concept or aspect features. For example, suitability is an 
umbrella term for a collection of features and sub-features of 
the crowd, and was introduced to classify and categorize a 
number of features and sub-features. We have illustrated this 
kind of features in the table by C/L. 
TABLE 1: LIST OF CROWD FEATURES 
The Crowd Mentioned In 
1. Diversity 
1.1. Spatial Diversity 
1.2. Gender Diversity 
1.3. Age Diversity 
1.4. Expertise Diversity 
[30, 35, 38, 39] 
[49, 50, 51, 52] 
N/A 
N/A 
[23, 36, 53, 54] 
2. Unknown-ness 
2.1. Not Known to Crowdsourcer 
2.2. Not Known to Each Other 
[2, 55, 56, 57] 
[12, 16, 17, 18] 
[16, 28, 58, 59] 
3. Largeness 
3.1. Number Fulfils the Task 
3.2. Number Not Abundant 
[3, 13, 23, 58] 
N/A 
[60] 
4. Undefined-ness [1, 4, 17, 57] 
5. Suitability 
5.1. Competence 
5.2. Collaboration 
5.3. Volunteering 
5.4. Motivation 
     5.4.1. Mental Satisfaction 
     5.4.2. Self-Esteem 
     5.4.3. Personal Skill Development 
     5.4.4. Knowledge Sharing 
     5.4.5. Love of Community 
C/L 
[23, 29, 36, 43] 
[1, 7, 57, 59] 
[25, 35, 38, 54] 
[7, 61, 62, 63] 
N/A 
[35] 
[35, 64] 
[29, 61] 
[65] 
B. Pillar Two: The Crowdsourcer 
A crowdsourcer might be an individual, an institution, a 
non-profit organization, or a company that seeks completion 
of a task through the power of the crowd. After reviewing the 
current literature on crowdsourcing, we identified four distinct 
features of the crowdsourcer. These features, and their 
definitions, are as follows: 
• Incentives provision: An incentive is something that 
stimulates one to take action, work harder, etc. It is a 
kind of stimulus or encouragement. In 
crowdsourcing, a crowdsourcer may provide 
incentives as a kind of extrinsic motivation for the 
crowd. Incentives can be classified in three 
categories. Probably the most prominent incentive in 
today’s crowdsourcing market is financial incentives. 
Some crowdsourcing markets, such as Amazon 
Mechanical Turk, provide payments (sometimes also 
referred to as micro payments) for the completion of 
an advertised task. Another type of incentive is social 
incentives. Some crowds may take part in 
crowdsourcing activities in order to gain peer 
recognition [64] or public recognition [35, 61, 67]. 
The third form of incentives that a crowdsourcer may 
provide for the crowd is entertainment incentives. 
Here, the crowdsourcer may provide a form of 
enjoyment or fun in the crowdsourcing activity [61, 
67] or may design a game around the crowdsourcing 
activity [68].  
• Open Call: By open call, we mean an audition which 
is open to anyone who is willing to try out an act. In 
crowdsourcing, this means that the crowdsourcing 
activity is mainly open to the general public, and not 
only to a pre-selected few. An open call provides the 
opportunity for everyone in the crowd to participate 
in a crowdsourcing activity. This is synonymous to 
undefined-ness as a feature of the crowd, but it is 
from the perspective of the crowdsourcer, i.e. the 
crowdsourcer may provide an open call so that an 
undefined group of people participate in a 
crowdsourcing activity.  
• Ethicality provision: An ethical act has to do with 
ethics or morality. It means conforming to moral 
standards, or to the standards of conduct of a given 
profession or group. In crowdsourcing, there are three 
acts that can be considered ethical during a 
crowdsourcing activity. The first one is for the 
crowdsourcer to provide an opt-out procedure. The 
crowdsourcer may provide an opt-out procedure for 
the crowd, so that the crowd has the right to stop the 
crowdsourcing activity at any time it wants. Such 
opting out may or may not affect the participant’s 
condition. For example, the participant may not 
receive the intended incentive, or they may not be 
asked to participate in another crowdsourcing 
activity. Such opting out may or may not affect the 
crowdsourcer’s condition, too. For example, the 
crowdsourcer may have to provide another open call 
to obtain the minimum required number of 
participants in the crowdsourcing activity. 
Furthermore, this may affect the crowdsourcing time 
or resources. The second one is for the crowdsourcer 
to provide feedback to the crowd about the results of 
the crowdsourced activity, at least upon the crowd’s 
request. This has been observed by some researchers 
to be an ethical approach [7]. The third one is for the 
crowdsourcer to ensure that the crowd will not be 
harmed during the crowdsourcing activity. This is 
especially important when the crowdsourcing activity 
is being performed in a real environment, not online. 
• Privacy provision: Privacy means the quality or 
condition of being private. It also means one's private 
life or personal affair. In crowdsourcing, privacy 
means that the crowdsourcer should not disclose the 
crowd’s personal and private information to other 
participants, other organizations and other entities. 
Privacy provision may also ensure the participating 
crowd’s answers and crowdsourcing activities will 
not be revealed to others. 
Table 2 summarises the features of the crowdsourcer, and 
lists some of the papers from which these features were 
extracted. 
TABLE 2: LIST OF CROWDSOURCER FEATURES 
The Crowdsourcer Mentioned In 
1. Incentives Provision 
1.1. Financial Incentives 
1.2. Social Incentives 
1.3. Entertainment Incentives 
[35, 36, 39, 65] 
[11, 16, 30, 50] 
[35, 61, 64, 67] 
[61, 67, 68, 69] 
2. Open Call [1, 12, 57, 67] 
3. Ethicality Provision 
3.1. Opt-out Procedure 
3.2. Feedback to Crowd 
3.3. No Harm to Crowd 
C/L 
N/A 
[7] 
N/A 
4. Privacy Provision N/A 
C. Pillar Three: The Crowdsourced Task 
A crowdsourced task is an outsourced activity that is 
provided by the crowdsourcer and needs to be completed by 
the crowd. A crowdsourced task may take different forms. For 
example, it may be in the form of a problem, an innovation 
model, a data collection issue, or a fundraising scheme. The 
crowdsourced task usually needs the expertise, experience, 
ideas, knowledge, skills, technologies, or money of the crowd. 
After reviewing the current literature, we identified eight 
distinct features for the crowdsourced task. These features, 
and their definitions, are as follows: 
• Traditional operation: By traditional operation, we 
mean the way the crowdsourced task would be done 
in an organization if it were not crowdsourced. 
Without the concept of crowdsourcing, the task 
would either be done by the employees of the 
organization, or it would be outsourced to another 
contractor, agent, company or organization to be 
completed. 
• Outsourcing task: Outsourcing means transferring 
(certain manufacturing operations, administrative 
activities, etc.) to outside contractors, esp. so as to 
reduce one's operating costs. A crowdsourced task is 
usually a task that would otherwise be outsourced. 
• Modularity: Modularity means designating units of 
standardized size, design, construction, etc. that can 
be arranged or fitted together in a variety of ways. A 
crowdsourced task may be an atomic task, but it is 
usually a more complex task that is broken down into 
micro tasks to be completed by the crowd. 
• Complexity: Complexity is the condition or quality of 
being complex, not simple or consisting of two or 
more related parts. A crowdsourced task may be a 
simple task, or it may be a complex one. The 
difference between modularity and complexity is that 
some crowdsourced tasks may be complex, but they 
may be atomic tasks and not broken down to micro 
tasks. 
• Solvability: Solvability is the capability to be solved. 
A crowdsourced task is usually a task that is simple 
enough for humans to be solved, but too complex for 
computers. Again, our perspective in this 
categorization differs from our previous 
categorizations, as a task may be a complex task 
(complexity: complex) which is not broken down into 
micro tasks (modularity: atomic) and is nonetheless 
simple for a human participant to complete 
(solvability: simple for humans). 
• Automation characteristics: Automation, in 
manufacturing, means a system or method in which 
many or all of the processes of production, 
movement, and inspection of parts and materials are 
automatically performed or controlled by self-
operating machinery, electronic devices, etc. A 
crowdsourced task is usually a task which is either 
difficult to automate (otherwise a computer would 
solve it instead of crowdsourcing it) or expensive to 
automate. The existence of such expense and/or 
difficulty of task automation opens the way for 
crowdsourcing. It is worth mentioning that this 
category focuses on automation, and not complexity 
or solvability of the task. However, if a task is too 
complex for computers, it also means that it is too 
difficult to automate. 
• User-driven: A user-driven activity is one that is 
powered or controlled by users. A crowdsourced task 
is a user-driven task. Such user-driven activities fall 
into one of these three subcategories. Sometimes they 
are in the form of problem solving tasks, which 
means the crowd should provide a solution to a 
particular problem. Sometimes they can are 
innovation tasks, which means the crowd should 
generate ideas or create designs. Sometimes they are 
co-creation tasks, which means the crowd participates 
in a production process in order to create a product. 
• Contribution type: When somebody contributes to 
something, it means that they have a share in 
bringing about (a result), or are partly responsible for 
something. A crowdsourced task may be in one of the 
two contribution forms. First, the contribution of the 
crowd in the crowdsourced task can be an individual 
contribution. This means that every participant of the 
crowd performs the crowdsourced task without 
helping or getting help from others. Second, the 
contribution of the crowd in the crowdsourced task 
can be a collaborative contribution. This means that 
different participants of the crowd perform the 
crowdsourced task by acting as a team, pooling 
resources and working in partnership.  
Table 3 summarises the features of the crowdsourced 
task and lists some of the papers from which these features 
were extracted. 
TABLE 3: LIST OF CROWDSOURCED TASK FEATURES 
The Crowdsourced Task Mentioned In 
1. Traditional operation 
1.1. In-house 
1.2. Outsourced 
[1, 4, 5, 6] 
[1, 2, 18, 57] 
[2, 41, 57, 70] 
2. Outsourcing Task [1, 3, 4, 5] 
3. Modularity 
3.1. Atomic Tasks 
3.2. Divisible to Micro Tasks 
[35] 
N/A 
[12, 40, 54, 65] 
4. Complexity 
4.1. Simple Tasks 
4.2. Complex Tasks 
[35, 71] 
[11, 29, 37] 
[10, 29, 56, 65] 
5. Solvability 
5.1. Simple for Humans 
5.2. Complex for Computers 
C/L 
[10, 11, 12, 37] 
[12, 56, 65, 72] 
6. Automation Characteristics 
6.1. Difficult to Automate 
6.2. Expensive to Automate 
C/L 
[50] 
[50] 
7. User-driven 
7.1. Problem Solving 
7.2. Innovation 
7.3.Co-creation 
[73, 74] 
[44, 60, 65, 67] 
[23, 39, 62, 73] 
[43, 64, 70, 73] 
8. Contribution Type 
8.1. Individual Contribution 
8.2. Collaborative Contribution 
C/L 
[1, 36, 70, 75] 
[1, 36] 
D. Pillar Four: The Crowdsourcing Platform 
The crowdsourcing platform is where the actual 
crowdsourcing task happens. While there are examples of real 
(offline or in-person) crowdsourcing platforms [14], the 
crowdsourcing platform is usually a website, or an online 
venue. After reviewing the current literature, we identified 
four distinct features for the crowdsourcing platform. These 
features, and their definitions, are as follows: 
• Crowd-related interactions: Crowd-related 
interactions are interactions provided by the 
crowdsourcing platform between the crowd and the 
platform. These interactions include, but are not 
limited to: 
o Providing an enrolment mechanism for the 
crowd to enrol in the crowdsourcing 
platform. 
o Providing an authentication mechanism to 
authenticate the crowd. 
o Providing a declaration mechanism for the 
crowd to declare their skills and abilities. 
o Providing an assignment mechanism for 
assigning crowdsourced tasks to the crowd. 
o Providing an assistive mechanism to assist 
the crowd in different activities that happen 
in the crowdsourcing platform, e.g. helping 
the crowd to enrol, and helping the crowd to 
perform the crowdsourced task. 
o Providing a submission mechanism for the 
crowd to submit their results. 
o Providing a coordination mechanism to 
coordinate the crowd during crowdsourcing 
activities. 
o Providing a supervision mechanism to 
supervise the crowd during crowdsourcing 
activities. 
o Providing a feedback loop mechanism to 
give feedback to the crowd about their 
crowdsourcing activities. 
• Crowdsourcer-related interactions: Crowdsourcer-
related interactions are interactions provided by the 
crowdsourcing platform between the crowdsourcer 
and the platform. These interactions include, but are 
not limited to: 
o Providing an enrolment mechanism for the 
crowd to enrol in the crowdsourcing 
platform. 
o Providing an authentication mechanism to 
authenticate the crowd. 
o Providing a broadcast mechanism for the 
crowdsourcer to broadcast their 
crowdsourced task. 
o Providing an assistive mechanism to assist 
the crowdsourcer in different activities that 
happen in the crowdsourcing platform, e.g. 
helping the crowdsourcer to enrol, and 
helping the crowdsourcer to broadcast the 
crowdsourced task. 
o Providing a time negotiation mechanism for 
the crowdsourcer to negotiate the deadline 
or duration of the crowdsourced task with 
the crowd. This mechanism also allows the 
crowdsourcer to determine a deadline or a 
permitted duration without negotiation. 
o Providing a price negotiation mechanism for 
the crowdsourcer to negotiate the financial 
incentives or rewards of completing the 
crowdsourced task with the crowd. This 
mechanism also allows the crowdsourcer to 
determine a fixed price or a reward without 
negotiation. 
o Providing a verification mechanism for the 
crowdsourcer to verify the results which are 
obtained from the crowd. 
o Providing a feedback loop mechanism to 
give feedback to the crowdsourcer about 
their crowdsourcing activities. 
• Task-related facilities: Task-related facilities are 
facilities provided by the crowdsourcing platform 
about the crowdsourced task. These facilities include, 
but are not limited to: 
o Providing an aggregation mechanism to 
aggregate the results of a crowdsourced task. 
The outcome of such aggregation will be 
sent to the crowdsourcer for further 
verification, and may also be partially sent 
to the crowd as part of the feedback. 
o Hiding results obtained from one participant 
in the crowd from other participants.  
o Storing history of completed tasks, either for 
every task, for every crowdsourcer, for 
every participant, or a combination of those. 
Such history may be useful in deciding for 
future task assignments, or for preventing 
one participant from completing one certain 
crowdsourced task multiple times, etc. 
o Providing a threshold mechanism for the 
quality of the obtained results to ensure a 
minimum quality is met. 
o Providing a threshold mechanism for the 
quantity of the obtained results to ensure a 
minimum and/or maximum quantity is met. 
• Platform-related facilities: Platform-related facilities 
are facilities provided by the crowdsourcing platform 
about the crowdsourcing platform itself. These 
facilities include, but are not limited to: 
o Providing an online environment which is 
inherent to online crowdsourcing. However, 
if crowdsourcing is performed in a real 
(offline or in-person) environment in a 
particular crowdsourcing activity, there 
should still be an environment in which 
crowdsourcing will take place. 
o Managing platform misuse, either by the 
crowd or by the crowdsourcer. 
o Providing an easy, feasible interface both for 
the crowd and the crowdsourcer to work. 
o Providing an attractive, appealing interface 
both for the crowd and the crowdsourcer to 
work. 
o Providing an interactive interface both for 
the crowd and the crowdsourcer to work. 
o Providing a payment mechanism to allow 
the crowdsourcer to pay a certain amount of 
money to the participants. If the reward is 
something other than money, the platform 
should also provide mechanisms for it. For 
example, if the participants should get a 
certain piece of software or mobile 
application for free in exchange for their 
task completion, the platform should provide 
a download mechanism for the participants. 
Table 4 summarises the facilities of the crowdsourcing 
platform and lists some of the papers from which these 
facilities were extracted. 
TABLE 4: LIST OF CROWDSOURCING PLATFORM FACILITIES 
The Crowdsourcing Platform Mentioned In 
1. Crowd-related Interactions 
1.1. Provide Enrolment 
1.2. Provide Authentication 
1.3. Provide Skill Declaration 
1.4. Provide Task Assignment 
1.5. Provide Assistance 
1.6. Provide Result Submission 
1.7. Coordinate Crowd 
1.8. Supervise Crowd 
1.9. Provide Feedback Loops 
C/L 
[30, 43, 76, 77] 
[43] 
[30, 43] 
[24, 30, 38, 78] 
[60] 
[30, 36, 39, 79] 
[59, 65, 80, 81] 
[78] 
[82] 
2. Crowdsourcer-related Interactions 
2.1. Provide Enrolment 
2.2. Provide Authentication 
2.3. Provide Task Broadcast 
2.4. Provide Assistance 
2.5. Provide Time Negotiation 
2.6. Provide Price Negotiation 
2.7. Provide Result Verification 
2.8. Provide Feedback Loops 
C/L 
[30, 43, 76, 77] 
[43] 
[2, 16, 30, 79] 
[60] 
[30] 
[30, 38] 
[36, 43] 
[82] 
3. Task-related Facilities 
3.1. Aggregate Results 
3.2. Hide Results from Others 
3.3. Store History of Completed Tasks 
3.4. Provide Quality Threshold 
3.5. Provide Quantity Threshold 
 C/L 
[13, 65, 83] 
[58] 
[43] 
[36, 84, 85] 
[85] 
4. Platform-related Facilities 
4.1. Online Environment 
4.2. Manage Platform Misuse 
4.3. Provide Ease of Use 
4.4. Provide Attraction 
4.5. Provide Interaction 
4.6. Provide Payment Mechanism 
C/L 
[2, 3, 16, 57] 
[43] 
[60] 
[60, 85] 
[58] 
[30, 43, 86] 
V. CROSSCUTTING DEPENDENCIES  
In the previous section, we have analysed the different 
views of crowdsourcing and provided a taxonomy of the 
concepts which define each of its four pillars. In this section, 
we further enrich that taxonomy by discussing a set of inter-
dependencies between those concepts to help the decision of 
crowdsourcing developers on configuring it. To express 
dependencies, we use the popular notions of Require and 
Exclude in Feature Model [87]. We also use two new relations 
Support and Hinder, which are the lighter versions of Require 
and Exclude. Support means that a feature empowers or 
facilitates another feature. Hinder means that a feature deters 
or discourages another feature. The reason why these two new 
relations are introduced is that unlike software features where 
interdependencies are crisp, crowdsourcing features are social 
and cognitive features and some interdependencies are 
qualitative.  
• Co-creation, a task feature, requires Collaboration, 
a crowd feature. By definition, co-creation needs 
collaboration among participants. 
• Collaborative Contribution, a task feature, requires 
Collaboration, a crowd feature. It also requires 
Coordinate Crowd, a platform facility. 
• Competence, a crowd feature, supports Complexity, 
Solvability, Problem Solving, Innovation, and Co-
creation, five task features. The reason is that a 
competent participant will better solve complex tasks 
and will be more efficient in user-driven 
crowdsourcing activities. 
• Complex for Computers, a task feature, requires 
Difficult to Automate, another task feature. 
• Complex Tasks, a task feature, supports Divisible to 
Micro Tasks, another task feature. The notion is that 
complex tasks are usually broken down into smaller 
tasks, which are called micro tasks. 
• Feedback to Crowd, a crowdsourcer feature, 
supports Motivation, a crowd feature. Providing 
feedback on the results increases the crowd’s trust in 
the system and motivates them to participate in 
future tasks.  
• Incentives Provision, a crowdsourcer feature, 
supports Largeness and Motivation, two crowd 
features. 
• Largeness, a crowd feature, supports Diversity, a 
crowd feature. It hinders Coordinate Crowd, a 
platform facility. Coordinating a large group of 
participants is difficult to achieve, especially for 
collaborative and complex tasks.  
• Not Known to Each Other, a crowd feature, 
excludes, Collaboration another crowd feature. It 
also excludes Collaborative Contribution, a task 
feature. It hinders Social Incentives, a crowdsourcer 
feature, as the participants’ identities will be hidden 
from each other. 
• Open Call, a crowdsourcer feature, supports 
Diversity, Largeness, and Undefined-ness, three 
crowd features. It requires Provide Task Broadcast, 
a platform facility. 
• Opt-out provision, a crowdsourcer feature, supports 
Largeness, Volunteering, and Motivation, three 
crowd features. The ability to opt-out without 
consequences would make the crowd more 
comfortable to participate.  
• Privacy Provision, a crowdsourcer feature, supports 
Not Known to Crowdsourcer and Not Known to 
Each Other, two crowd features. It requires Hide 
Results from Others, a platform facility. 
• Provide Attraction, a platform facility, supports 
Largeness, a crowd feature. 
• Provide Authentication, a platform facility, excludes 
Not Known to Crowdsourcer, a crowd feature. It 
supports Manage Platform Misuse, another 
platform facility. 
• Provide Ease of Use, a platform facility, supports 
Largeness, a crowd feature. 
• Provide Feedback Loop, a platform facility, 
supports Feedback to Crowd, a crowdsourcer 
feature. 
• Provide Quality Threshold, a platform facility, 
requires Competence, a crowd feature. 
• Provide Quantity Threshold, a platform facility, 
requires Largeness, a crowd feature. 
• Provide Skill Declaration, a platform facility, 
supports Provide Task Assignment, another 
platform facility. It hinders Not Known to 
Crowdsourcer, a crowd feature. 
• Simple for Humans, a task feature, supports Atomic 
Tasks and Simple Tasks, two other task features. 
• Simple Tasks, a task feature, supports Atomic Tasks 
and Simple for Humans, two other task features. 
• Suitability, a crowd feature, hinders Undefined-ness, 
another crowd feature. The reason is that selecting a 
crowd with certain suitability features hinders the 
idea of undefined-ness, which is choosing the crowd 
on a random basis and without any imposed 
selection procedures. 
• Volunteering, a crowd feature, supports Motivation, 
another crowd feature. The notion is that 
volunteering in an activity acts as an intrinsic 
motivation. 
Our future work will develop a web-based platform for 
developers, which will assist them in configuring their 
crowdsourcing systems by giving recommendations and 
excluding inapplicable options based on the relations reported 
above. Another source of knowledge to assist this decision 
could be based on previous experiences of other developers 
and system analysts who could enrich the model of the four 
pillars with yet other metadata reflecting the good practice. In 
other ways, we would utilize crowdsourcing as a mechanism 
to build a knowledge base on how to develop such systems 
taking our taxonomy as a starting point. 
VI. INFORMATION SYSTEMS AND CRWODSOURCING 
While doing the review of the literature to deduce the 
taxonomy of crowdsourcing, we have also considered how 
crowdsourcing impacts information systems development and 
how it can be used to improve that process. We mainly 
observed that the systematic and principled crowdsourcing and 
the utilization of this mechanism for information systems and 
design is still under research.  
We observed a lack of systematic approaches on 
engineering crowdsourcing. Considering crowdsourcing 
platforms as information systems we have not yet seen 
development approaches which tackle the peculiarities of such 
systems and the challenges they introduce. There is a lack of 
holistic approaches and methodologies to build crowdsourcing 
platforms. The research has been mainly meant to address 
only separate facets of the development rather than providing 
methods, models and tools to facilitate the engineering itself. 
Examples of that include researches on motivations [88], 
pricing [9], coordination [89] and incentives [66]. Among 
other challenges, we also suggest other facets to accommodate 
in a comprehensive crowdsourcing analysis and design:  
• Metrics: In the taxonomy we created in previous 
section, different concepts are still fuzzily defined. 
For example, we still need to define what largeness 
and diversity mean and how we measure whether the 
crowd is large and diverse enough. We speculate that 
this would be inherently relevant to the task being 
crowdsourced and the level of quality required and 
also the nature of the crowd recruited. Still, we have 
no metrics for that we still lack heuristics and 
patterns which could guide future development. 
Similar observations could be given to other 
dimensions such as motivation and social incentives.   
• Diversity: Crowdsourcing platforms are inherently 
designed to be used by the crowd who could only 
partially be predicted, e.g. by defining what skills the 
participants should have. A similar observation could 
be made about the diversity of the crowdsourcers and 
the tasks. There is always a trade-off between 
accommodating diversity and achieving high quality. 
To maximize both, we may think of flexible and 
adaptive crowdsourcing platforms which could cater 
for such diversity and maintain quality. Research in 
adaptive systems [90] and perhaps Dynamic Software 
Product Lines [91] could be promising solutions here.  
• Recruitment: Another trade-off relates to the 
openness to the crowd and ensuring that this 
openness will not reduce the quality of obtained 
knowledge. This has two sides. The first relates to the 
suitability of the crowd and how to define suitability 
in a crisp way, and the second relates to devising 
procedures to ensure what participants declare is true 
in terms of skills and applying their mind truthfully 
on the task being crowdsourced. Research in social 
network analysis, e.g. [92], could be helpful to tackle 
this first-class concern in crowdsourcing.  
• Interaction and aggregation: The regulation of 
interaction and the aggregation of knowledge from 
the crowd is a known problem, especially when the 
outcome is a sort of collective decision or collective 
intelligence. This is a noted problem in the famous 
notion of Wisdon of Crowds [93]. While this has 
been researched intensively in the community of 
semantic web [94], datamining [95],  as well as 
multi-agent systems [96], crowdsourcing intensively 
introduces the human factor to the problem space. 
This mainly means that interaction and aggregation 
can not be seen separately from users characteristics, 
motivation, incentives, and other concepts depicted 
earlier in our taxonomy.   
Our other observation relates to the limited use of 
crowdsourcing in the development of information systems, 
though the potential benefits are still being recognized, given 
that the papers are published starting mainly in the last few 
years. In the following, we list a set of areas in which the 
power of crowdsourcing was utilized:  
• Adaptive systems engineering: Software adaptation 
is meant to empower software ability to cater for the 
diversity of environment in which it operates. 
Uncertainty is inherent here and the reliance on 
software engineers to fully specify the system is 
somehow unrealistic. Crowdsourcing could be used 
to enrich the basic knowledge provided by software 
engineers and help the system obtain multiple 
stakeholders’ perception of the system operations in 
the different context of use, so that it assists the 
system to optimize its adaptation. Ali et al. [31, 32] 
propose the notions of Social Adaptation and Social 
Sensing for acquiring the users perception on the role 
of the system in achieving their requirements and its 
quality. They propose to utilize that to make 
adaptation decisions.  
• User feedback for requirements knowledge: Users 
feedback on software could help developers to better 
understand the requirements of the next release of the 
system. This feedback could be explicit, e.g. via 
forums, or implicit, e.g. through monitoring their 
patterns of use of the software. Pagano and Maalej 
[34] propose the effects of user feedback on software 
and requirements engineering teams. They signify the 
importance of user feedback content on the number 
of downloads a mobile phone application gets. 
• Stakeholders discovery: In complex and dynamic 
systems, it is hard to identify the set of stakeholders 
and their roles and expertise and also their 
requirements. Crowdsourcing here would help 
identifying a comprehensive set of stakholders from 
an initial set of stakeholders specified by the analysts.  
Lim et al. [97] propose that the identification of 
stakholders relevant to the system is not 
strightforward and propose a participatory approach 
to that. The work considers the set of stakeholders as 
a social network. The analysts could know only few 
members who will then recommend more members 
to the analysts and so on. 
• Testing: Testing requires the generation of test cases 
and spotting errors and faults in the system, which is 
often a costly task. While this is a traditional problem 
in information system development, it is amplified 
when we build systems by integrating different 
services and components from different sources, 
working in heterogeneous environments and contexts 
of use. These are common characteristics of 
nowadays systems. Bell et al. [98] propose a game-
like environment HALO (Highly Addictive, sociaLly 
Optimized) Software Engineering to utilize 
gamification as a mechanisms to gather software 
testing results from the students. That is, 
crowdsourcing could be also used for testing and also 
made enjoyable through gamification techniques.  
• Requirements elicitation: In software paradigms 
like Cloud Computing and Mobile Apps, the users set 
is highly diverse and unpredictable. This means 
relying on an elite group of users to understand what 
functionality and quality attributes to meet in the 
software is limited and also costly. We could harness 
the power of the crowd to understand their 
requirements as part of the requirements elicitation 
stage. CrowdREquire [60] is an example where the 
concept of crowdsourcing is proposed for 
requirements elicitation. Another approach is 
proposed by Knauss [99] in which the author 
proposes to harness the power of the largest 
stakeholder group, including the end-users, for 
requirements elicitation in a dynamic context. 
Hosseini et al. [100] propose to systematically 
analyze the impact of crowdsourcing features on the 
quality of requirements elicited via crowdsourcing.  
• Validation: Validation and users testing for 
implemented systems share the same difficulties as 
mentioned above for requirements elicitation. This is 
also true as users might not maintain the same 
opinion when time passes due to the emergence of 
competitive solutions and the use of software in 
contexts which were not thought of at the engineering 
stage. There is also some research on the use of 
crowdsourcing for empirical studies and validation. 
In [101], Sayeed et al. make use of a simple rule-
based technique for domain adaptation and generate 
data to validate it. Then they use crowdsourcing 
techniques to show that this strategy generates 
reliable results on data not seen by the rule designers. 
The amount of research in using crowdsourcing for 
information system development is still limited. Even in the 
existing studies, the use of crowdsourcing is still at the level of 
advocating the potential of the paradigm and the use of the 
general principles. We observed a lack of methods and 
systematic approaches on how to decide the settings of 
crowdsourcing, how to design task-specific crowdsourcing 
platforms, and how to recruit the right crowd for the tasks 
related to the engineering process. Research on these areas is 
still needed to exploit the potential of crowdsourcing and 
maximize the quality of tasks performed. The ad-hoc 
approaches could lead to harmful results instead of supporting 
the development process.   
VII. CONCLUSIONS AND FUTURE WORK 
Having undertaken an extensive search in the literature, we 
have been able to provide an initial taxonomy for 
crowdsourcing. We have adopted a receptive approach and 
tried to put the different views together instead of restricting 
the concept to one definition. Our taxonomy is expected to be 
of use to both researchers and practitioners in the area as a 
reference model to clarify and potentially use as a tool for 
configuring crowdsourcing platforms. Our short-term future 
work mainly consists of: 
• Extending and revising taxonomy: Due to the vast 
increase in studes on crowdsourcing, our taxonomy 
may become eventually less comprehensive. In 
addition, it may be that with the rapid change in 
hardware platforms, mobile computing and 
applications development, other mechanisms for data 
gathering and data use could extend our conceptual 
framework. We plan to provide an open access Wiki-
like participatory approach to maintain the up-to-date 
nature of the taxonomy. That is, we will crowdsource 
the maintenance of our taxonomy of crowdsourcing.  
• Capturing the crowd: Further work is needed to 
ensure we have the correct mechanisms to describe 
crowdsourcing, to capture its nuances and to ensure 
we can use our understanding of its nature to provide 
systems that fully capture the power of the crowd.  
• Combining data: In addition, as with other data-rich 
approaches, we must have robust mechanisms for 
using the data intelligently, for example to allow us 
to reason about and resolve conflicts, to note 
particular clusters and to aggregate the information in 
meaningful ways and to ensure quality. 
• Tools: There are already crowdsourcing platforms, 
but these have relatively limited capabilities other 
than for gathering data. Clearly, there is a signficant 
scope for developers to produce enhanced tools. 
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